Background {#S0001}
==========

Health literacy (HL) covers a set of skills that people need to effectively apply in health-care settings.[@CIT0001] HL has different dimensions, so Nutbeam has introduced a clear and tangible framework for this concept, which includes three levels:functional, communicative and critical.[@CIT0002] In fact, the functional HL is the most basic level including reading and writing skills which allows individuals to function effectively in everyday situations.[@CIT0002] The communicative HL is an advanced skill that allows individuals to extract information and their related meanings from multiple communication channels and put them into practice for changing conditions.[@CIT0002] Critical HL refers to more advanced skills that are needed to analyze information and use knowledge in order to apply more control on life events and situations.[@CIT0002],[@CIT0003] Over the past few decades, increasing attention has been paid to the concept of HL with an increasing emphasis on personal responsibility for maintaining and promoting health and self-management in chronic diseases,[@CIT0002],[@CIT0004],[@CIT0005] especially diabetes.[@CIT0006],[@CIT0007]Figure 2Standardized parameter estimates of the ﬁnal structural model 2. \**P*\<0.05 \*\**P*\<0.01.**Abbreviations:** HL, health literacy; HbA1c, glycated hemoglobin. Figure 3Standardized parameter estimates of the ﬁnal structural model 3. \**P*\<0.05 \*\**P*\<0.01.**Abbreviations:** HL, health literacy; HbA1c, glycated hemoglobin.

Type 2 diabetes mellitus is a common disease with high morbidity and mortality. The number of diabetes patients is increasing and is estimated that there will be 300 million diabetes people by 2025.[@CIT0008] The prevalence of diabetes in Iran is 3.0, 5.8, 10.8, and 14.0% in men and 3.0, 7.0, 14.0, and 19.4% in women aged 25--34, 35--44, 45--54, and 55--64 years, respectively.[@CIT0009]

Achieving goals such as glycemic control which includes fasting blood glucose and glycosylated hemoglobin (HbA1c) is recommended to reduce mortality and economic costs associated with diabetes.[@CIT0010] Because of that, identifying the factors and pathways to the HbA1c values is crucial. Nevertheless, there are limited studies for understanding the pathways, or potential mechanisms, through which HL influences HbA1c. Powell et al reported that low levels of HL were associated with poor HbA1c and poor diabetes knowledge in patients with type 2 diabetes.[@CIT0011] Also, a systematic review study showed the relationship between HL and HbA1c.[@CIT0012] Some studies showed that a high level of HL had been associated with better HbA1c.[@CIT0013] In addition, other studies reported that HL had an indirect effect on HbA1c, and no direct relationship was found between them.[@CIT0014],[@CIT0015] In the study by Bains and Egedel , there was no relationship between HL and HbA1c.[@CIT0016] Whilemost studies have shown that several psychosocial factors, such as self-care behaviors, commonly influence the HbA1c values.[@CIT0014],[@CIT0017] Self-care is a process in which the patients use their knowledge and skills to carry out recommended behaviors.[@CIT0018] Therefore, not only patients should be able to obtain sufficient information about their disease and how to take care of themselves, but also they should be able to use their knowledge in different conditions and situations.[@CIT0018] Self-care behaviors among patients with diabetes include regularly monitoring blood glucose, adherence to a healthy and balanced diet, being physically active, compliance to drug therapy, and foot care.[@CIT0019] In the study of Gao et al, diabetes self-care had a direct effect on HbA1c.[@CIT0017] In the study of Jutterström et al, self-care education reduced the HbA1c values in diabetes patients.[@CIT0020]

HL could influence self-care behaviors and further affect the HbA1c values. Understanding the mechanism of relationships between HL, self-care behaviors, and HbA1c could provide the valuable knowledge for developing evidence-based interventions in diabetes patients. Brega et al assessed a theoretical structure proposing that knowledge and behavior (diet, physical activity, and self-monitoring of blood glucose) mediate the relationship between HL and glycemic control. They showed that knowledge is the main mediator between HL and A1c because after including knowledge in the model, the behavior was no longer significant.[@CIT0021] The mediation effect of self-care in relationship between HL and HbA1c was assessed by Osborn et al.[@CIT0001] They showed that there is no direct relationship between HL and self-care or glycemic control. But, HL has an indirect effect on diabetes self-care and glycemic control through its association with social support. Also, Lee et al assessed the pathways of HL, self-efficacy, and self-care behaviors to glycemic control. HL relatively influenced glycemic control through self-efficacy and self-care behaviors in their study.[@CIT0015] But, to the best of our knowledge, no study has assessed the mediating role of self-care between HL subscales and glycemic control.

Based on the conceptualization of this framework, we hypothesized that among diabetes patients HL would be directly related to self-care behaviors and indirectly related to glycemic control via relation with self-care behaviors. Also, assessing HL beyond functional, communicative and critical literacy may help clarify how HL influences glycemic control through mediation of self-care behaviors in diabetes patients.

Methods {#S0002}
=======

This cross-sectional study was performed on patients with type 2 diabetes referred to five educational hospitals affiliated to Shahid Beheshti University of Medical Sciences from May to September 2018. The inclusion criteria were ability to read and communicate. In addition, the patients were not included in the study if they had mental or cognitive disorders. Exclusion criteria included pregnancy and incomplete questionnaires. The patients were selected from each hospital by convenience sampling method. The majority of patients agreed to participate (94.2%). Finally, after exclusion of incomplete questionnaires, the sample included 300 patients with type 2 diabetes.

The anonymous self-administered questionnaires including demographic questionnaire, HL questionnaire, and self-care questionnaire were used to collect data. Patients completed all questionnaires at the same time. The demographic questionnaire consisted of age, sex, educational status, economic status, diabetes duration, side effects. A Persian version of the Functional Communicative and Critical Health Literacy scale (FCCHL) by Ishikawa[@CIT0022] was used to assess HL skills in patients with type 2 diabetes. This questionnaire consists of 14 questions with subscales of functional, communicative, and critical levels. The response to questions based on the 4-point Likert scale (never =1, rarely =2, sometimes =3, often =4) had been evaluated. At the functional, communicative and critical subscale, there are 5, 5 and 4 questions, respectively. The higher scores of this questionnaire shows higher HL. Cronbach's alpha was 0.92 for total scale in our sample. Another questionnaire was a Persian version of the Summary of Diabetes Self-Care Activities (SDSCA) that was designed by Toobert et al.[@CIT0023] This questionnaire with 11-items evaluates the patients' self-care over the past 7 days, covering the various aspects of self-care behaviors of patients with diabetes including diet (fourquestions), exercise (two questions), blood glucose test (twoquestions), foot care (two questions), and smoking (onequestion). Also, the higher scores of this questionnaire shows higher positive self-care behaviors. Cronbach's alpha was 0.82 for total scale in our sample. The validity and reliability of Persian version of FCCHL[@CIT0024] and SDSCA[@CIT0025] questionnaires were assessed in Iranian studies. The recent HbA1c values were extracted from patients' medical records for all patients who had completed the questionnaires.

Statistical analysis {#S0002-S2001}
--------------------

In this study four hypotheses were tested using the structural equation modeling (SEM). In hypothesis 1, the role of mediating self-care between total HL score and HbA1c was assessed. In hypotheses 2--4, the role of mediating self-care between subscales of HL and HbA1c was assessed. In each model 1--4 (linked to hypotheses 1--4), the variables of HL or its subscales and self-care behaviors were considered as latent variables and HbA1c was considered as observed variable. Firstly, the correlations analysis between the variables was performed with the Pearson method. Then, a two-step procedure introduced by Anderson and Gerbing for analyzing the mediation effect was employed.[@CIT0026] In this procedure, in the first step, the measurement model of the latent variables was tested to show the extent to which each latent variable was represented by its indicators. In the second step, if the confirmatory measurement model in prior step is accepted, the structural model will be tested. The analysis was conducted in Mplus version 7. A model in both steps was considered a good fit if (1) chi-squared statistic divided by degree of freedom was less than 3;(2) the root mean square error of approximation (RMSEA) was less than 0.08; (3) comparative fit index (CFI);and (4) Tucker--Lewis index (TLI) was more than 0.9.[@CIT0027]

Ethical statement {#S0002-S2002}
-----------------

The study protocol was approved by the Ethics Review Committee of Shahid Beheshti University of Medical Sciences. All questionnaires were anonymous and patients were voluntary. All patients also signed a consent form.

Results {#S0003}
=======

The mean age of diabetes patients was 58.70±14.69, of which 53.6% were women; 82.8% of the patients had less than high school education or had high school diploma and 17.2% had a university degree; 30.4% of the patients had low income, 61.6% had average income and 8% had high income. 30.4% of the patients had duration of diabetes for 5 years or less and 69.6% had for over 5 years. 33.2% of the patients did not report any side effects of diabetes, and 66.8% had at least one of the diabetes complications including retinopathy, nephropathy and neuropathy. 46% of the patients reported using \'\'other\'\' drugs, 50.4% using insulin and others both of them. In this study, the relationships between demographic variables and HL, subscales of HL, self-care, and HbA1c were investigated, and none of these variables had a significant relationship with demographic variables.

Descriptive statistics and correlation coefficients {#S0003-S2001}
---------------------------------------------------

The mean and standard deviation of total HL score, functional HL, communicative HL, critical HL, self-care and HbA1c as well as the correlation among them were presented in [Table 1](#T0001){ref-type="table"}. The results showed that HL and its subscales were positively correlated with self-care. By contrast, HbA1c was negatively correlated with HL and its subscales and also self-care.Table 1Descriptive statistics and correlations for all variablesVariable1234561 Total HL score------------2 Functional HL0.83\*\*----------3 Communicative HL0.80\*\*----------4 Critical HL0.69\*\*----------5 Self-care0.28\*\*0.16\*0.21\*\*0.32\*\*----6 HbA1c−0.27\*\*−0.17\*−0.22\*\*−0.31\*\*−0.21\*\*--Mean2.652.672.552.753.557.85SD0.771.250.830.821.121.97[^1][^2]

Measurement model {#S0003-S2002}
-----------------

Confirmatory factor analysis (CFA) was tested for model 1--4 to assess whether the measurement model fits the sample data adequately or not. The initial test of the measurement model 1--4 revealed a satisfactory fit. All the factor loadings for the indicators on the latent variables were significant (*P*\<0.001), except the smoking variable for self-care latent variable. Because of that, this variable was omitted from the measurement model nested in the structural equation model.

Structural model {#S0003-S2003}
----------------

The hypothesized models 1--4 were tested using SEM. For assessing the mediation effect of self-care in each model, first, the direct effect of HL and its subscales on HbA1c without mediator was tested. Then, in the model containing the self-care (mediator), a direct path from HL and its subscales to HbA1c was tested.

The results showed that the direct standardized path of total HL score on HbA1c without mediator (β = - 0.31,*P*\<0.001) was significant. But the direct standardized path of total HL score on HbA1c with mediator (β = −0.10, *P*=0.47) was nonsignificant. Also, the indirect standardized effect of total HL score on HbA1c through the mediation of self-care was statistically significant (β = −0.24, *P*=0.042). The total effect of total HL score on HbA1c was statistically significant (β = −0.34, *P*\<0.001) ([Table 2](#T0002){ref-type="table"}). The results showed a good fit of the model 1 (chi-squared statistic divided by degree of freedom =2.66; RMSEA =0.04; CFI =0.97 and TLI =0.95). Table 2Relationship between HL and its subscales with HbA1c mediated by self-careβSEM (β)*P*-value**Total HL score (Model 1)Direct effect** Total HL score **→** HbA1c−0.10.140.47 Total HL score **→** Self-care0.610.10\<0.001 Self-care **→** HbA1c−0.390.160.01**Indirect effect** Total HL score **→** HbA1c−0.240.110.042**Total effect** Total HL score **→** HbA1c−0.340.68\<0.001**Functional HL (Model 2)Direct effect** Functional HL **→** HbA1c−0.020.080.82 Functional HL **→** Self-care0.330.100.001 Self-care **→** HbA1c−0.460.10\<0.001**Indirect effect** Functional HL **→** HbA1c−0.150.060.01**Total effect** Functional HL **→** HbA1c−0.170.060.006**Communicative HL (Model 3)Direct effect** Communicative HL **→** HbA1c−0.060.080.46 Communicative HL **→** Self-care0.360.10\<0.001 Self-care **→** HbA1c−0.430.11\<0.001**Indirect effect** Communicative HL **→** HbA1c−0.160.060.01**Total effect** Communicative HL **→** HbA1c−0.220.06\<0.001**Critical HL (Model 4)Direct effect** Critical HL **→** HbA1c−0.090.120.44 Critical HL **→** Self-care0.590.09\<0.001 Self-care **→** HbA1c−0.380.140.01**Indirect effect** Critical HL **→** HbA1c−0.220.100.03**Total effect** Critical HL **→** HbA1c−0.310.06\<0.001[^3]

The direct standardized path of functional HL on HbA1c without mediator (β = --0.17, *P*=0.006) was significant. The results of [Table 2](#T0002){ref-type="table"} showed that the direct path of functional HL on HbA1c with mediator (β = --0.02, *P*=0.82) was nonsignificant. But the indirect effect of functional HL on HbA1c through the mediation of self-care (β = --0.15, *P*=0.01) and the total effect of functional HL on HbA1c (β = --0.17, *P*=0.006) were statistically significant. The fit indices of the model 2 were chi-squared statistic divided by degree of freedom =2.24; RMSEA =0.071; CFI =0.98 and TLI =0.97. Then, the hypothesized model 2 fitted the data well.

The direct standardized path of communicative HL on HbA1c without mediator (β = --0.22, *P*\<0.001) was significant. Furthermore, the direct standardized path of critical HL on HbA1c without mediator (β = --0.31, *P*\<0.001) was significant. But the direct effects of communicative HL (β = --0.06, *P*=0.46) and critical HL (β = --0.09, *P*=0.44) on HbA1c with mediator were nonsignificant. The indirect effects of communicative HL (β = --0.16, *P*=0.01) and critical HL (β = --0.22, *P*=0.03) on HbA1c were significant ([Table 2](#T0002){ref-type="table"}). The third and fourth SEM showed a good fit of the model 3 (chi-squared statistic divided by degree of freedom =1.32; RMSEA =0.03; CFI =0.99 and TLI =0.98) and model 4 (chi-squared statistic divided by degree of freedom =2.74; RMSEA =0.08; CFI =0.92 and TLI =0.90).

[Figures 1](#F0001){ref-type="fig"}--[4](#F0004){ref-type="fig"} show all of the observed variables significantly loaded on their latent variable in all models, supporting the measurement model of each latent variable. Furthermore, the standardized parameter estimates of the direct pathways between variables were shown. Figure 1Standardized parameter estimates of the ﬁnal structural model 1. \**P*\<0.05, \*\**P*\<0.01.**Abbreviations:** HL, health literacy; HbA1c, glycated hemoglobin.Figure 4Standardized parameter estimates of the ﬁnal structural model 4. \**P*\<0.05 \*\**P*\<0.01.**Abbreviations:** HL, health literacy; HbA1c, glycated hemoglobin.

Discussion {#S0004}
==========

The results of our study showed that diabetes patients had moderate HL, with the best on critical HL, followed by functional and communicative HL. Our findings were consistent with findings of the study of Heijmans et al that patients in the Netherlands experienced their HL as quite good.[@CIT0007] Moreover, self-care of our patients was high indicating participants performed most of the self‐care tasks about 4 days a week and this was consistent with other Iranian studies for diabetes patients.[@CIT0028],[@CIT0029]

In addition, the results showed that self-care is full mediation between HL and HbA1c, because this mediator accounts for the relationship between HL and HbA1c by reducing its relationship to nonsignificance. Hence, HL indirectly affects HbA1c through the mediation of self-care behaviors. In other words, HL has a crucial role for increasing self-care behaviors and glycemic control for diabetes patients. Osborn et al assessed the relationships between HL, diabetes self-care, and glycemic control in diabetes patients. They suggested that HL has an indirect effect on glycemic control through mediating of social support.[@CIT0001] Hence, HL has a major role for successful care in diabetes, because individuals with inadequate HL have problems with interactive communications. Hence, by increasing HL the complications of diabetes such as retinal damage and blindness could be controlled. Furthermore, other studies showed that low HL is linked to low use of preventive care,[@CIT0030],[@CIT0031] poor health status,[@CIT0032],[@CIT0033] and poor glycemic control.[@CIT0034],[@CIT0035] In this regard, nursing and health schools could help to improve HL by considering educating people in the community about health in chronic diseases such as diabetes. In addition, these findings offer significant insights concerning the design of interventions especially in low-income countries.

Based on our knowledge, the role of self-care mediation between subscales of functional, communicative, and critical HL and HbA1c was assessed in this study for the first time. The self-care had a full mediation role in relationship between functional, communicative, and critical HL and HbA1c, although the factor of critical HL was found to accountfor a more indirect effect on HbA1c, followed by communicative and functional HL. Heijmans et al examined the association between HL and self-management and found that communicative and critical HL play more of a role in successful self-management than functional HL.[@CIT0007] Hence, our findings were consistent with findings of the study of Heijmans et al that both critical and communicative skills play a more important role in successful glycemic control than functional skills. Therefore, for designing evidence-based interventions, critical and communicative HL should be considered more than functional HL in influencing glycemic control.

In the present study, there was no direct relationship between HL and its subscales and HbA1c in the model with the mediator. This finding was consistent with the conceptual framework of Paasche-Orlow and Wolf,[@CIT0036] Osborn et al[@CIT0001] and Bains et al,[@CIT0016] that HL did not have a direct effect on glycemic control.

In the present study, there were significant relationships between HL and its subscales and self-care. In the study by Lee et al, there was a significant indirect relationship between HL and self-care.[@CIT0015] In the study of Brega et al, significant relationships between HL and healthy food consumption, unhealthy food consumption and self-monitoring of blood glucose were reported.[@CIT0021] While Lai et al reported that self-management in diabetes was associated with critical and communicative HL, no association was reported with functional HL.[@CIT0005]

Moreover, in the present study, there was a significant inverse correlation between self-care and the HbA1c variable such that, as self-care increasesthe HbA1c variable decreases. Hence, self-care is very important in managing diabetes. Toimprove self-care skills, patients need to enhance their knowledge and change their attitudes towards diabetes. In this regard, to strengthen the health-care system of the country, health promotion programs can focus more on self-care for patients; this goal can merely be achieved by collaboration of various organizations like the mass media that is considered one of the most significant health information sources for the majority of people.

There were limitations to our study that should be mentioned. First, using the self-report method as part of the data collection method could be a limitation of this research. However, using this method in such studies is inevitable and may lead to a bias for the "report of the researcher" by the audience. Therefore, anonymous questionnaires were used to minimize this bias. Second, we did not collect information on other variables that could explain the relationship between HL and HbA1c. Third, by the cross-sectional design, the causal conclusion was not possible; a longitudinal research is needed to investigate the effects of these constructs on changes in HL and HbA1c.

Conclusion {#S0005}
==========

Our results confirmed that HL is directly associated with self-care and indirectly associated with HbA1c through the mediation of self-care. Hence, to improve the interaction between vulnerable patients and health systems, HL could be one of the main goals of optimizing care in diabetes.
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[^1]: **Notes:** \**P*\<0.01; \*\**P*\<0.001.

[^2]: **Abbreviations:** HL, health literacy; HbA1c, glycated hemoglobin.

[^3]: **Abbreviations:** SEM, structural equation modelling; HL, health literacy; HbA1c, glycated hemoglobin.
